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Quinidine-Induced Long QTU Interval and Torsade de Pointes   Role
Of Bradycardia-Dependent Early Afterdepolarizations
NABIL EL-SHERIF, MD, FACC, SOAD-SAAD BEKHEIT, MD, FACC, RAPHAEL HENKIN, MS
Brooklyn, New York
Right ventricular endocardial monophasic action potential
recordings were obtained in a patient with a quinidine-
induced long QTU interval and polymorphic ventricular
tachycardia of the torsade de pointes type . The recording
showed a deflection on phase 3 repolarization characteristic
of early afterdepolarization . The early afterdepolarization
was synchronous with the U wave in surface electrocardio-
graphic leads and there was a strong correlation between
the amplitude of both waves . A strong correlation was also
present between the cardiac cycle length and the U wave
amplitude with larger amplitudes after longer cycles .
Ventricular ectopic beats occurred only after long cycle
lengths and seemed to arise close to the peak of the U wave
The occurrence of syncope in patients taking quinidine was
recognized as early as 1 23, soon after its introduction in
clinical medicine (1) . It was not until 1 64 that Selzer and
Wray (2) reported that quinidine syncope was due to "par-
oxysmal ventricular fibrillation ." The arrhythmia was later
recognized to be a special form of polymorphic ventricular
tachycardia and the term torsade de pointes, first coined by
Dessertenne (3), became a colorful descriptor of the QRS
configuration of the tachycardia. The arrhythmia is charac-
teristically associated with bradycardic pauses and a prom-
inent late diastolic U wave that results in a prolonged QTU
interval (4-6) . Although a long list of pharmacologic agents
as well as certain electrolyte abnormalities have been asso-
ciated with acquired long QTU interval and torsade de
pointes (5,7), quinidine remains the most common culprit .
The basic electrophysiologic mechanism for acquired
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and early afterdepolarization . However, there was no cor-
relation between the amplitude of the U wave or early
afterdepolarization and the occurrence of ectopic beats .
Rapid ventricular pacing resulted in suppression of the
ectopic rhythm associated with suppression of both the U
wave and the early afterdepolarization .
This case provides the first evidence to suggest that a
quinidine-induced long QTU interval and torsade de
pointes may be related to bradycardia-dependent early
afterdepolarizations, although other factors may be in-
volved in triggering the arrhythmia .
(J Am Coll Cardiol 1 8 ;14 252-7)
long QTU interval and torsade de pointes is not known . In
the last several years, in vitro and in vivo experimental
studies have suggested that they may be due to a specific
electrophysiologic mechanism by which bradycardia-
dependent early afterdepolarizations give rise to triggered
activity (see El-Sherif et al . [8]) . The present report de-
scribes a patient with quinidine-induced long QTU interval
and torsade de pointes in whom right ventricular endocardial
monophasic action potential recordings suggest that the
arrhythmia was related to bradycardia-dependent early af-
terdepolarizations . The effects of rapid ventricular pacing on
the amplitude of the first post-pacing early afterdepolariza-
tion and U wave were also investigated .
Case Report
A 71 year old man sustained an inferior wall myocardial
infarction in November 1 87 . Subsequent cardiac catheter-
ization and coronary angiography revealed mild aortic ste-
nosis with a peak systolic gradient of 20 mm Hg, 100%
occlusion of the right coronary artery, 75% stenosis of the
left circumflex coronary artery and an ejection fraction of
58%. A 12 lead electrocardiogram (ECG) at the time of
cardiac catheterization showed sinus rhythm, first degree
atrioventricular (AV) block, small Q waves in inferior sur-
face leads and nonspecific ST-T changes . The patient was
0735-10 7/8 /$3 .50
JACC Vol . 14, No . I
July 1 8  252-7
Figure 1 . A continuous electrocardiographic re-
cording of lead V4 at twice standard amplitude
showing atrial fibrillation and a ventricular bigeminal
rhythm in the form of single ectopic beats, couplets
and nonsustained runs of polymorphic ventricular
tachycardia with a QRS configuration characteristic
of torsade de pointes. Note the presence of a very
prominent U wave (arrow) and a markedly pro-
longed QTU interval of 640 to 680 ms . The ectopic
beats arise close to the peak or on the descending
limb of the U wave .
readmitted in May 1 88 with atrial fibrillation of recent
onset . He received digoxin to control the ventricular re-
sponse and was maintained on 0 .25 mg of digoxin/day . His
only other medication was Lasix (furosemide), 40 mg/day .
A decision was made to trv to convert the atria( fibrilla-
tion to sinus rhythm with use of quinidine gluconate, 324 mg
three times/day . After receiving 3 doses of quinidine, the
patient developed single ventricular ectopic beats in a bigem-
inal rhythm, couplets and runs of nonsustained polymorphic
ventricular tachycardia with a twisting QRS pattern charac-
teristic of torsade de pointes (Fig . 1). A prominent U wave
(0.6 to 0.8 mV in amplitude) was particularly evident in the
mid precordial leads (V 3 and V4 ) and was associated with a
QTU interval of 600 to 680 ms . The ventricular ectopic beats
arose close to the peak or on the descending limb of the U
wave . The patient became symptomatic during prolonged
runs of the tachyarrhythmia, and a temporary right ventric-
ular endocardial pacing electrode was inserted to overdrive
Figure 2. Simultaneous recording of surface
electrocardiographic leads I, V, and V 3 and a
monophasic action potential from the en-
docardial surface of the posterior paraseptal
region of the right ventricle (RV-MAP) . The
monophasic action potential shows a distinct
hump on phase 3 repolarization (arrow) char-
acteristic of early afterdepolarization . The
peak of the early afterdepolarization is syn-
chronous with the peak of the U wave and the
amplitude of both waves (arrows) varies sig-
nificantly with the length of the preceding RR
interval . Ventricular ectopic beats occur only
after RR intervals >1,000 ms and seem to
arise close to the peak of the U wave and the
early afterdepolarization . Electrocardio-
graphic leads are recorded at twice standard
amplitude (see text for details) .
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the arrhythmia by rapid ventricular pacing . After the patient
gave informed consent, a second bipolar catheter consisting
of silver-silver chloride distal electrode and a reference lead
(Mansfield, Scientific, Inc .) was also inserted into the right
ventricle to record monophasic action potentials ( ) .
Monophasic action potential recording . Figure 2 illus-
trates simultaneous recordings of surface ECG leads I, V,
and V 3 and right ventricular endocardial monophasic action
potential. In the electrophysiology laboratory, the cardiac
rhythm was not showing nonsustained polymorphic ventric-
ular tachycardia but continued to show isolated ventricular
premature beats and couplets . The amplitude of the U wave
in mid precordial lead V 3 was less prominent compared with
that in Figure I and showed significant variation with the RR
interval and ranged from 0 .05 to 0 .3 mV. There was a strong
linear correlation ( r = 0. 1) between the preceding RR cycle
and the U wave amplitude with larger amplitudes occurring
after longer cardiac cycles (Fig . 3, closed circles) .
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Figure 3. Effect of cycle length on the U wave amplitude during
control (closed circles) and after 20 s trains of rapid ventricular
pacing at a cycle length of 600 ms (open circles) . There was a strong
linear correlation between the preceding cycle length and the U
wave amplitude in both cases . However, the U wave amplitude was
larger after rapid pacing at all cycle lengths . The slope of U wave
amplitude-cycle length relation was steeper after rapid pacing and
showed that the post-pacing U wave amplitude was larger at longer
cycle lengths .
The monophasic action potential had an amplitude of 28
to 30 mV and a duration of 560 to 640 ms . Its duration
showed a strong correlation with the duration of the QTU
interval in surface leads (r = 0 . 6, n = 100) . There was a
distinct hump on phase 3 repolarization of the monophasic
action potential characteristic of early afterdepolarization .
The peak of the early afterdepolarization was usually syn-
chronous with the peak of the U wave and there was a strong
correlation (r = 0. 7) between the amplitude of the U wave
and the amplitude of the early afterdepolarization (as a
percentage of monophasic action potential amplitude)
(Fig. 4) .
Ventricular ectopic beats occurred only after cycle
lengths >1,000 ms . Both the ectopic QRS complex in
surface leads and the corresponding premature action po-
tential in the monophasic action potential seemed to arise
close to the peak of the U wave and the early afterdepolar-
ization, respectively . However, there was no correlation
between the amplitude of the U wave or early afterdepolar-
ization and the occurrence of ectopic beats . Specifically,
larger U waves or early afterdepolarizations that followed
longer cycle lengths were not necessarily associated with
ectopic beats . Although a monophasic action potential
showing early afterdepolarization could be recorded from
several right ventricular endocardial sites, the relative am-
plitude of early after depolarization (as a percentage of
monophasic action potential amplitude) seemed to vary from
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Figure 4. Relation of U wave amplitude in surface lead V 3 to early
afterdepolarization (EAD) amplitude as a percentage of monophasic
action potential (MAP) amplitude . The figure shows a strong corre-
lation .
one site to another and was most prominent from the
posterior paraseptal region .
Rapid ventricular pacing . The effects of rapid ventricular
pacing on the ectopic rhythm, the U wave and the early
afterdepolarization were investigated . During pacing at a
cycle length of 600 ms (heart rate 100/min), the ectopic
rhythm was completely suppressed . This occurrence was
associated with suppression of both the U wave and the
early afterdepolarization . The effects of rapid pacing trains
on the amplitude of the first post-pacing U wave and early
afterdepolarization were also systematically analyzed . We
found that the amplitude of both the U wave and the early
afterdepolarization increased in the first post-pacing cycle .
Because the amplitude was also dependent on the post-
pacing cycle length, it was difficult to analyze the effects of
varying duration and cycle length of pacing . Instead we
analyzed the effects of fixed pacing trains of 20 s at a cycle
length of 600 ms with 60 s between trains and plotted the U
wave amplitude in relation to the post-pacing cycle length
(Fig . 3, open circles and Fig . 5) . Similar to the control
situation, there was a strong correlation between the ampli-
tude of the U wave and the preceding cycle length (r = 0 . 8) .
On the other hand, the amplitude of the U wave at any given
cardiac cycle length was consistently larger after a train of
rapid pacing. The slope of the U wave amplitude versus
cycle length relation was also steeper after rapid pacing and
showed that post-pacing U wave amplitude was much higher
at longer cardiac cycle lengths .
Follow-up. Constant right ventricular pacing at a cycle
length of 600 ms was continued for 24 h after which the
ectopic tachyarrhythmia ceased to recur . This result was
associated with a decrease in the amplitude of the U wave
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Figure 5 . Simultaneous recording of electro-
cardiographic leads I, V, and V, and
monophasic action potential from the en-
docardial surface of the right ventricle (RV-
MAP) illustrating the effect of 20 ms trains of
rapid ventricular pacing at a cycle length of
600 ms on the amplitude of the first post-
pacing U wave and early afterdepolarization
(arrows) . The last beat of the pacing train in
the lower panel was spontaneous and proba-
bly mechanically induced by the pacing elec-
trode . The amplitude of both the U wave and
the early afterdepolarization is larger after
longer post-pacing cycles (compare the lower
and upper panels) . The amplitude of both is
also larger in the first post-pacing beat than in
other beats at approximately similar cycle
lengths (compare the first and third post-
pacing cycles in the upper panel and the first
and fifth post-pacing cycles in the lower
panel) . This relation is analyzed in Figure 3 .
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and shortening of the QTU interval . Blood samples obtained
before the electrophysiologic study showed a serum digoxin
level of 0 .  ng/ml and a serum quinidine level of I mg/liter
(therapeutic level, 2 .5 to 5 mg/liter) . The serum potassium,
magnesium and calcium concentrations were, respectively,
4.2 mmol/liter, 2 .1 mg/dl and 8 .4 mg/dl .
Discussion
This study is the first to demonstrate that quinidine-
induced torsade de pointes is associated with bradycardia-
dependent early afterdepolarization in the endocardial
monophasic action potential . The time course of repolariza-
tion of the monophasic action potential has been shown to
correlate closely with that of the simultaneous transmem-
brane action potential under a variety of conditions (10,11) .
A few reports (12,13) of monophasic action potential record-
ings in patients with a congenital or acquired long QTU
interval and torsade de pointes have shown a deflection on
phase 3 repolarization consistent with early afterdepolariza-
tion. None of these reports, however, has demonstrated the
close correlation between the amplitude of the early after-
depolarization in the monophasic action potential and the U
wave in the surface ECG . The only reported example (12) of
monophasic action potential recording in a patient with
quinidine-induced torsade de pointes failed to show early
afterdepolarizations .
Quinidine-induced action potential prolongation and early
afterdepolarizations . Clinical examples of quinidine-induced
long QTU interval and torsade de pointes are frequently
associated with long bradycardic intervals (for example,
during atrial fibrillation or the compensatory pause after
atrial or ventricular premature beats), normal or low serum
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potassium (usually due to potassium-wasting diuretics) and a
low or normal serum quinidine level (4-6). In an in vitro
study by Roden and Hoffman (14), canine Purkinje fibers
were shown to develop prolongation of action potential
duration and early afterdepolarizations in the presence of
hypokalemia, bradycardia and a low quinidine concentra-
tion that has little depressant effect on the phase 0 up-
stroke slope. Thus, quinidine-induced action potential
prolongation and early afterdepolarizations are not due
to a local anesthetic "toxic" quinidine concentration but
rather the result of specific alterations of ionic currents
during the repolarization phase of action potential . The
quinidine effect has been attributed to a decrease of the
outward potassium current (15) . In this regard, early after-
depolarizations have been easily induced in isolated cardiac
tissue under a variety of conditions that either increase
inward (depolarizing) current or reduce outward (repolariz-
ing) currents (8,16) .
Experimental models of long QTU interval and torsade de
pointes . In contrast to the ease by which early afterdepolar-
izations can be induced in vitro, there are few in vivo models
of long QTU interval and torsade de pointes secondary to
bradycardia-dependent early afterdepolarizations . Cesium,
which blocks potassium currents and induces action poten-
tial prolongation and early afterdepolarizations in vitro
(16,17), has also been shown to induce bradycardia-
dependent QTU prolongation and torsade de pointes in dogs
in vivo (17) . Endocardial and epicardial monophasic action
potential recordings have shown that the arrhythmia may be
due to early afterdepolarizations and triggered activity (11) .
A different class of drugs, the sea anemone toxin anthopleu-
rin-A, which markedly delays sodium inactivation, also
induces action potential prolongation and early afterdepolar-
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izations in vitro and bradycardia-dependent QTU prolonga-
tion and torsade de pointes in dogs in vivo (8) . Monophasic
action potential recordings strongly suggest that the promi-
nent U wave in the surface ECG induced by anthopleurin-A
is due to early afterdepolarizations generated in Purkinje
fibers and that, at least, the initiating beats of polymorphic
ventricular tachycardia are due to triggered activity arising
from the early afterdepolarization (8) . The relation between
the early afterdepolarization and the U wave was further
strengthened by the observation that when U wave alternans
was seen in surface leads it was associated with 2  1 alterna-
tion of the early afterdepolarization in monophasic action
potential . An in vivo model of quinidine-induced long QTU
interval and torsade de pointes has not yet been described
although a preliminary report (18) suggests that such a model
is possible in association with bradycardia and low potas-
sium concentration .
Early afterdepolarizations and triggered arrhythmias . In
the present case, although ventricular premature beats oc-
curred only after cardiac cycles >1,000 ms . they did not
necessarily occur after the longest cycle nor did they always
arise in relation to early afterdepolarization (or U wave) with
the largest amplitude . This observation, which is sometimes
seen in clinical examples of long QTU interval and torsade
de pointer, suggests that although the development of early
afterdepolarization is bradycardia-dependent, the occur-
rence of triggered action potentials arising from early
afterdepolarization may be related to other factors . In
the experimental model of long QTU interval and torsade
de pointes induced by anthopleurin-A, early afterdepolari-
zations and triggered action potentials were induced only
in Purkinje fibers and slowly conducted to myocardial
fibers probably at Purkinje-muscle junctions (8) . The first
triggered ectopic beat commonly occurred with no per-
ceptible change in the amplitude of early afterdepolarization
in preceding cycles . This result could be explained by
suggesting that other factors are involved in the success-
ful propagation of early afterdepolarizations from the
Purkinje network to overlying myocardium . Thus, the am-
plitude of early afterdepolarization (or U wave) may not be
the only factor involved in the occurrence of a triggered
ectopic beat .
Pacing and post-pacing changes of U wave and early
afterdepolarization . Our observation that suppression of the
ventricular arrhythmia by rapid ventricular pacing was as-
sociated with disappearance of both the early afterdepolar-
ization and the U wave underscores the bradycardia-
dependent nature of the early afterdepolarization and its role
in the initiation of the arrhythmia . The effects of rapid pacing
trains on the amplitude of post-pacing U wave and early
afterdepolarization are interesting. Jackman et al . (4) sug-
gested that faster pre-pause rates and longer pauses are
usually associated with a larger post-pause U wave. Rapid
pacing results in intracellular calcium loading (1 ) . A relation
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between calcium loading and early afterdepolarizations is
suggested by the induction of early afterdepolarizations by
the calcium channel agonist Bay K 8644 (20) . The exact
mechanism by which rapid pacing enhances early after-
depolarization amplitude is still not well defined . However,
this observation suggests that an automatic positive feed-
back mechanism can develop in patients with a long QTU
interval that would perpetuate the bigeminal rhythm and
runs of nonsustained tachyarrhythmia once these are
initiated .
Conclusion . The present report shows evidence to sug-
gest that a quinidine-induced long QTU interval and torsade
de pointes may be related to bradycardia-dependent early
afterdepolarizations and triggered activity . Future record-
ings of monophasic action potential in patients with congen-
ital or acquired long QTU interval and torsade de pointes
may provide further evidence in support of this mechanism
and improve both the understanding and management of this
serious cardiac arrhythmia .
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